We present a method for construction of an approximate basis of the trace space H 1/2 based on a combination of the Steklov spectral method and a finite element approximation. Specifically, we approximate the Steklov eigenfunctions with respect to a particular finite element basis. Then solutions of elliptic boundary value problems with Dirichlet boundary conditions can be efficiently and accurately expanded in the discrete Steklov basis. We provide a reformulation of the discrete Steklov eigenproblem as a generalized eigenproblem that we solve by the implicitly restarted Arnoldi method of ARPACK.
We present a method for construction of an approximate basis of the trace space H 1/2 based on a combination of the Steklov spectral method and a finite element approximation. Specifically, we approximate the Steklov eigenfunctions with respect to a particular finite element basis. Then solutions of elliptic boundary value problems with Dirichlet boundary conditions can be efficiently and accurately expanded in the discrete Steklov basis. We provide a reformulation of the discrete Steklov eigenproblem as a generalized eigenproblem that we solve by the implicitly restarted Arnoldi method of ARPACK.
We include examples highlighting the computational properties of the proposed method for the solution of elliptic problems on bounded domains using both a conforming bilinear finite element and a non-conforming harmonic finite element. In addition, we document the efficiency of the proposed method by solving a Dirichlet problem for the Laplace equation on a densely perforated domain.
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INTRODUCTION
The purpose of this paper is to present a technique for solving the elliptic problem
by combining a finite element approximation of the elliptic operator with the Steklov spectral method developed by Auchmuty [1] . As we will outline in Sec. 2, the solution can be represented in the form
where δ j , u j ∞ j =0 denotes the family of eigenpairs for the Steklov eigenproblem associated with (1.1). Here, T denotes the trace operator H 1 (Ω) → H 1/2 (∂Ω), and dS denotes the invariant infinitesimal surface element. We assume the domain Ω is bounded and simply connected having a Lipschitz boundary, and we restrict ourselves to the case Ω ⊂ R 2 . In two dimensions, dS represents the arc-length along the boundary ∂Ω.
For the sake of simplicity, we present our methodology only for the harmonic Dirichlet problem, i.e., with the coefficient a = I, where I is the identity matrix. The generalization of this approach to coefficients satisfying the following conditions is straightforward:
i,j a i,j (x)ψ i ψ j 0 |ψ| 2 for all ψ ∈ IR 2 , and for a.a. x ∈ Ω, .  Here a(·, ·) is the bilinear form corresponding to the weak form of the differential operator appearing in (1.1). Futhermore, the Steklov spectral method can be applied to problems with non-trivial right-hand sides by using linearity (or superposition) and standard methods. We refer to Auchmuty [1] for details.
The outline of this paper is as follows. In Sect. 2, we describe the spectral representation of solutions to (1.1) using Steklov eigenfunctions, a technique developed by Auchmuty [1]. In Sect. 3, we develop the discrete Steklov spectral method using a finite element implementation. The discrete Steklov eigenfunctions are written with respect to the finite element basis, and the discrete Steklov eigenvalues solve a generalized eigenvalue
